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Weather	  models	  /	  HRRR	  /	  RE	  application
• How	  do	  weather	  models	  work?
• What	  are	  the	  unique	  designs	  of	  
the	  HRRR	  and	  RAP	  weather	  
models?

• What	  is	  needed	  for	  improved	  
models	  for	  turbine-‐level	  winds	  
and	  downward	  solar	  radiation?
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Prediction of 
High-Impact Weather

Needs

High-performance
Computing

High-density,  High-frequency  Observations

Advanced  Use  (Assimilation)
Of  Observations

Advanced  Numerical  Weather  Model



Stan	  Benjamin	  -‐ Weather	  Models	  -‐ UVIG 4

Earth’s	  atmosphere	  
driven	  by	  
• uneven	  heating
• rotation

Weather	  is	  3-‐D.7	  Feb	  2017	  







What  is  a  weather  model?

Parameterizations  for  radiation,  
mixing,  cloud  processes,  land-
surface,  chemistry,  ocean,  …

geophysical  system:

weather  prediction  models
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Forecast
-‐ temperature
-‐ wind	  (E-‐W	  and	  N-‐S)
-‐ water	  vapor
-‐ cloud	  /	  hydrometeors	  (cloud	  water,	  
ice,	  rain,	  snow,	  hail)
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What  is  a  weather  model?
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What  is  a  weather  model?

Parameterizations  for  radiation,  
mixing,  cloud  processes,  land-
surface,  chemistry,  ocean,  …

geophysical  system:

weather  prediction  models

Land-surface
parameterization
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• Multi-level  
forecasts  of  
soil  moisture,  
soil  
temperature,  
snow  cover,  
snow  depth,  
multi-level  
snow  
temperature

1-d  land-surface  parameterization
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Weather	  is	  3-‐D	  
and	  is	  even	  
strongly	  affected	  
by	  surface.7	  Feb	  2017	  



Weather	  models	  /	  HRRR	  /	  RE	  application
• How	  do	  weather	  models	  work?
• What	  are	  the	  unique	  designs	  of	  
the	  HRRR	  and	  RAP	  weather	  
models?

• What	  is	  needed	  for	  improved	  
models	  for	  turbine-‐level	  winds	  
and	  downward	  solar	  radiation?
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13km Rapid Refresh and 3km HRRR

16

RAP

Data 
Assimilation
cycle

Observations

Hourly cycling	  
model

HRRR

Advanced
Radar and
Cloud, Wind
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Initial	  &	  Lateral	  
Boundary	  Conditions

Initial  &  Lateral  
Boundary  
Conditions

13-km  Rapid  Refresh  
(RAPv3)                                                                  

– to  21h  (23  Aug  2016)

3-km  High-Resolution      
Rapid  Refresh  (HRRRv2)  
– to  18h  (23  Aug  2016)

750-m  HRRR  nest                                                    
Wind  Forecast  

Improvement  Project  
Experiment  (ongoing)

3-km  Storm-Scale  
Ensemble  Analysis  and  
Forecast  (HRRRE)      
70%  CONUS  HRRR  

Experimental  (ongoing)

3-km  High-Resolution  
Rapid  Refresh  Alaska  
and  Hawaii  Testing  
(HRRR-AK,  HRRR-HI)  
Experimental  (ongoing)

3-km  High-Resolution  Time  Lagged  
Ensemble  (HRRR-TLE)

3-km  HRRR-Smoke  (VIIRS  fire  data)

RAP/HRRR: Hourly-Updating Weather Forecast Suite
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High-Impact Prediction Needs:
Higher Resolution Models

20  km  RUC  2002
(3x  resolution)

13  km  RUC/RAP  2005/2012
(4.6x  resolution)

3  km  HRRR  2014-16
(20x  resolution)

40  km  RUC  1998
(1.5x  resolution)



13-km  6hr  forecast HRRR  6hr  forecast

07  June  2012  5  PM  EDT
Reality

Observations UsedHigh-Impact Prediction Needs:
Advanced NWP Model

3-km  HRRR  
Explicit  

Convection  6  hr  forecast

Aircraft  must
Navigate  Around
Thunderstorms

13-km  RAP  
Parameterized  

Convection  6  hr  forecast

No  Storm  Structure

No  Estimate  
of  Permeability

Accurate  Storm  
Structure

Accurate  Estimate  of  
Permeability
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Severe 
Weather
Warn On 
Forecast

Aviation
Tactical
Planning

Renewable Energy
Same-Day Decision Support

General 
Forecasting

HRRR Users and Applications

0–2  hr 2–8  hrs          8–15  hrs    15–24  hrs 24–48  hrs
Forecast  LengthAviation0lanning



HRRR  (and  RAP)  Future  MilestonesHRRR  MilestonesRAPv3/HRRRv2 Changes to Observations Assimilated
Hourly	  Observation Type Variables	  Observed Observation Count

Rawinsonde Temperature,	  Humidity, Wind,	  Pressure 120

Profiler	  – 915	  MHz Wind,	  Virtual	  Temperature 20-‐30

Radar	  – VAD Wind 125

Radar Radial	  Velocity 125	  radars

Radar	  reflectivity	  – CONUS 3-‐d	  refl	  èRain,	  Snow,	  Graupel 1,500,000

Lightning (proxy	  reflectivity) NLDN

Aircraft Wind,	  Temperature 2,000	  -‐15,000

Aircraft	  -‐ WVSS Humidity 0	  -‐ 800

Surface/METAR	   Temperature,	  Moisture, Wind,	  Pressure,	  
Clouds,	  Visibility,	  Weather 2200	  -‐ 2500

Surface/Mesonet	   Temperature,	  Moisture, Wind ~5K-‐12K

Buoys/ships Wind,	  Pressure 200	  -‐ 400

GOES	  AMVs Wind 2000	  -‐ 4000

AMSU/HIRS/MHS	  (RARS) Radiances 1K-‐10K

GOES	   Radiances large

GOES	  cloud-‐top	  press/temp Cloud Top	  Height 100,000

GPS	  – Precipitable	  water Humidity 260

WindSat	  Scatterometer Winds 2,000	  – 10,000

New	  in	  RAPv3/HRRRv2	  
at	  NCEP

Radial	  velocity	  (RAPv3)
Lightning	  (RAPv3)
Mesonet	  (RAPv3/HRRRv2)
RARS	  radiances	  (RAPv3)
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Rapid Refresh/HRRR Specific Analysis Features

Special	  treatments	  for	  
surface	  observations	  

Cloud	  and	  hydrometeor	  analysis	  

Radar/lightning	  assimilation

Benjamin	  et	  al	  2016	  -‐ MWR7	  Feb	  2017	   Stan	  Benjamin	  -‐ Weather	  Models	  -‐ UVIG 22



HRRR  (and  RAP)  Future  MilestonesHRRR  MilestonesRapid  updating  – Why  do  it?

Better
forecasts

6 AM time9 AM noon 3 PM 6 PM

12-h fcst

Truth

12-h update 
to previous 
forecast

More frequent
model updates
with newer obs

Smaller adjustments

9-h fcst

6-h fcst

è

3-h fcst

è

3-h update 
to previous 
forecast

Next forecast



Benefits	  of	  Rapid	  Cycling	  NWP
Rapid	  update	  cycling	  with	  latest	  observations	  

improves	  short-‐range	  forecasts	  (including	  upper-‐level	  winds)

RUC	  jet-‐level	  (35	  kft)	  wind	  forecast	  errors

3-‐h	  fcst
wind	  errors

6-‐h	  fcst
wind	  errors

12-‐h	  fcst	  
wind	  errors

LAX

ORD

LAX

ORD

LAX

ORD 



HRRR  (and  RAP)  Future  MilestonesHRRR  Milestones

A
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RH 1000-400 hPa

Temp 1000-100 hPa

Wind 1000-100 hPa

New RAP obs impact study - Aircraft most important

25
James	  and	  Benjamin	  2017	  -‐ MWR
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HRRR	  22z	  6 Feb	  2017	  – cloud-‐top	  height
Analysis-‐background	  increment	  	  	  	  //	  	  	  	  	  	  	  	  	  	  Full	  field

7	  Feb	  2017	  



HRRR	  22z	  6 Feb	  2017	  – 80m	  wind
Analysis-‐background	  increment	  	  	  	  //	  	  	  	  	  	  	  	  	  	  Full	  field
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HRRR	  22z	  6 Feb	  2017	  – wind	  – 250	  hPa (~35kft)	  
Analysis-‐background	  increment	  	  	  	  //	  	  	  	  	  	  	  	  	  	  Full	  field

Stan	  Benjamin	  -‐ Weather	  Models	  -‐ UVIG 287	  Feb	  2017	  Weather	  is	  3-‐D.	  	  	  And	  so	  are	  forecast	  errors.



Weather	  models	  /	  HRRR	  /	  RE	  application
• How	  do	  weather	  models	  work?
• What	  are	  the	  unique	  designs	  of	  
the	  HRRR	  and	  RAP	  weather	  
models?

• What	  is	  needed	  for	  improved	  
models	  for	  turbine-‐level	  winds	  
and	  downward	  solar	  radiation?
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Energy	  
Converter/
Inverter

Renewable	  Energy	  Challenges

30

Motivation
• Wind  &  solar  are  highly  variable  sources  of  energy;;  
accurate  forecasts are  needed  to  integrate  wind  and  solar  
energy  into  the  electric  grid

Benefits
• Reduce  electricity  costs  (less  penalties,  less  need  for  
reserves)

• More  stable  electric  grid  (if  forecasts  are  accurate)
• Reduction  of  CO2 can  mitigate  climate  change

Improving  RAP/HRRR  for  Renewable  
Energy  Applications
• Improve  understanding  of  physical  
processes  (e.g.,  clouds  &  turbulence)  
important  for  wind  &  solar  energy.
• Improve  representation  of  these  processes  
in  our  models:

– Improve  model  physical  
parameterization  schemes
– Improved  coupling  of  schemes
–Make  schemes  scale-aware

• Improve  data  assimilation  of  clouds,  
lower  troposphere,  PBL

RAP-‐13km

HRRR	  nest-‐0.75km

HRRR-‐3km

80m	  winds HRRR	  nest
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Gap How	  to	  address:
-‐ doesn’t	  cover	  Day-‐Ahead -‐ 36h	  forecasts	  every	  6h	  in	  ESRL	  experimental	  HRRR
-‐ too	  many	  convective	  outflows -‐ better	  in	  HRRRv2	  via	  better	  PBL	  processes,	  

radar/cloud	  assimilation
More	  coming	  in	  HRRRv3	  – better	  convective	  

environment,	  3km	  ensemble	  data	  assimilation
-‐ too	  much	  wind	  at	  night -‐ better	  in	  HRRRv2	  but	  still	  too	  strong.

More	  improvements	  (MYNN)	  coming	  in	  HRRRv3.
-‐ no	  investigation	  yet	  for	   – WFIP2	  field	  program.	  
complex	  terrain	  	  

-‐ still	  inadequate	  clouds -‐ intense	  effort	  by	  GSD	  and	  NCAR	  
– MYNN	  sub-‐gridscale cloud	  treatment

Related	  to	  international	  Grey-‐Zone	  
cloud	  modeling	  study.	  	  	  

-‐ Radiation	  feedback	  from	  new	  clouds	  every	  20s.
-‐ HRRR-‐Smoke	  – improved	  aerosols

HRRR	  gaps	  for	  VG	  (RE)	  application

7	  Feb	  2017	   31



Physical  Processes  and  Their  Representations

32

Process Model	  
Component Change/Addition

Turbulent
Diffusion

Non-‐local
Turbulent	  
Transport

Surface	  
Fluxes

Clouds

Numerics/	  
Dynamics

Turbine	  Drag

• Hybrid	  Vertical	  
Coordinate
• IBM

Vertical	  
Coordinate,	  
Advection

•Mixing	  length
o Scale-‐aware
o Z-‐less
• 1D→	  3D	  as	  f(Δx)→0

MYNN	  PBL/
3d-‐Blended	  
TKE

•Multi-‐plume
• TKE	  transport
•Momentum	  transport
• Scale-‐aware

MYNN	  Mass-‐flux	  

• Scalar	  roughness
•M-‐O	  alternatives
• 3D	  surface	  stress

RUC	  LSM/
MYNN	  Sfc Layer

w’q’ w’T’ w’u’

• Subgrid	  scale	  clouds
• Coupled	  to	  radiation
• prognostic

Thompson	  Aero/
Chaboureau-‐
Bechtold

•Wind	  direction	  effects
• Power	  calculation.

Wind	  Farm	  
Parameterization7	  Feb	  2017	   Stan	  Benjamin	  -‐ Weather	  Models	  -‐ UVIG



HRRR  (and  RAP)  Future  MilestonesHRRR  Milestones

14 SURFRAD / 
ISIS sites

near-real-time 
data processing 

near-real-time 
model 

performance 
statistics via
web interface 

§ NOAA/ESRL/GMD’s SURFRAD / ISIS 
measurements provide a unique model 
assessment capability:

§ Directly quantify surface energy budget issues

RAP / HRRR Irradiance Verification from ESRL/GMD’s SURFRAD / ISIS



HRRR  (and  RAP)  Future  MilestonesHRRR  Milestones15-min Validation of HRRR/RAP forecasts
Downward shortwave 
flux at surface

Observed (14  SURFRAD    sites)
HRRR mean (12z  runs)

Instantaneous HRRR 
output
1 minute SURFRAD obs

Q:	  Subgrid	  cloud	  
issues	  even	  at	  
3km	  HRRR/ARW-‐
WRF	  resolution?

A:	  Yes.

10%	  of	  global	  
cloudiness	  
<10km,	  below	  
4dx	  with	  3km	  
HRRR	  resolution



Solutions/mitigations	  in	  HRRR/RAP	  model/	  
assimilation	  to	  address	  warm/dry	  bias
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UTC UTC

2015

HRRR  (and  RAP)  Future  MilestonesHRRR  Milestones
RAPv2 (NCEP)
RAPv3 (ESRL)

6-h Forecast:  RAPv3
Measured:  ISIS

Stratus:  Hanford, CA -- 25 Jan 2015 Cirrus: Albuquerque, NM -- 19 Feb 2015 

6-h Forecast Bias:  14-Station 
Daily Mean (SURFRAD/ISIS)

W
 

m
−2

W
 m

−2

W
 m

−2

KVIS 251835Z AUTO 00000KT 1/4SM OVC002 KABQ 192052Z 21005KT 10SM SCT250

Shallow Cumulus

RAP Solar Irradiance (GHI) Biases

. .

Improvement in 
RAPv3 cloudiness.... 
But still some ways to

go.



In progress: Toward Improved Subgrid-scale Clouds

Parameterize:
assume subgrid PDFs for thermodynamic variablesAssume a PDF of s 

(saturation ratio)

Retrieve Cloud Fraction, 
Cloud Condensate

Sommeria and Deardorff (1977) and Mellor (1977)  
§ Gaussian joint distributions

Chaboureau and Bechtold (2002)
§ Allows for skewed distributions
§ May be implemented diagnostically or prognostically

Adapted from Fig. 2 of 
Tompkins (2009)

Overview of 
Statistical Cloud 
Parameterizations
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HRRR  (and  RAP)  Future  MilestonesHRRR  Milestones

A BA B

Cloud Fraction (in MYNN):  
Sommeria and Deardorff (1977) scheme

GOES Visible

A
B

Improved representation of subgrid-scale clouds

§ Chaboureau and Bechtold (2002) scheme is 
“active” in stratocumulus, cumulus, and cirrus 
regions

§ Better able to represent low−intermediate 
cloud fractions

Cloud Fraction (in MYNN):  
modified Chaboureau and Bechtold (2002) scheme

RAP 3-h Forecasts Valid 
15 UTC 20 May 2015



HRRR  (and  RAP)  Future  MilestonesHRRR  MilestonesExample:  HRRR 1-h GHI Forecasts Valid 19 UTC 27 Dec 2015

GOES Visible

HRRR with
radiatively coupled 

Chaboureau-Bechtold 
scheme

HRRR

§ Chaboureau and 
Bechtold (2002) 
scheme
provides 
additional 
source of 
subgrid clouds 
for radiative 
flux forecasts

W m−2



HRRR-Smoke: VIIRS Fire Power, 2 prog aerosols
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3km	  HRRR	  
US	  domain

750m	  HRRR	  
WFIP2	  nest

HRRR-‐WFIP2
Proving	  Ground	  for	  improving	  PBL/cloud	  physics

41

SEA	  ✈

PDX	  ✈
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WFIP2 Motivation: Improve Wind Forecasts in Complex Terrain

WFIP2 Study Region
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http://rapidrefresh.noaa.gov/HRRRwfipsubh/750-m HRRR Nest
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Physical  Processes  and  Their  Representations

44

Process Model	  
Component Change/Addition

Turbulent
Diffusion

Non-‐local
Turbulent	  
Transport

Surface	  
Fluxes

Clouds

Numerics/	  
Dynamics

Turbine	  Drag

• Hybrid	  Vertical	  
Coordinate
• IBM

Vertical	  
Coordinate,	  
Advection

•Mixing	  length
o Scale-‐aware
o Z-‐less
• 1D→	  3D	  as	  f(Δx)→0

MYNN	  PBL/
3d-‐Blended	  
TKE

•Multi-‐plume
• TKE	  transport
•Momentum	  transport
• Scale-‐aware

MYNN	  Mass-‐flux	  

• Scalar	  roughness
•M-‐O	  alternatives
• 3D	  surface	  stress

RUC	  LSM/
MYNN	  Sfc Layer

w’q’ w’T’ w’u’

• Subgrid	  scale	  clouds
• Coupled	  to	  radiation
• prognostic

Thompson	  Aero/
Chaboureau-‐
Bechtold

•Wind	  direction	  effects
• Power	  calculation.

Wind	  Farm	  
Parameterization7	  Feb	  2017	   Stan	  Benjamin	  -‐ Weather	  Models	  -‐ UVIG





W E

Center Point:  Boardman, OR

WIND SPEED

HRRR-WFIP2 750-m Nest Forecast
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ig
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)
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3-km HRRR

750-m nest

915 
MHz

sodar

Boardman, OR

Observed
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W E

Temperature Difference

He
ig

ht
 (k

m
 A

SL
)

Mixing-Length Revision:  14-h Forecast Difference

W E

Wind-Speed Ratio

(K)

750-m 
nest

Center Location:  Boardman, OR Valid 2000 UTC 18 December 2015

improved cold-air 
retention, reduced 

wind speeds
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HRRR Time-Lagged Ensemble (HRRR-TLE)

00 
UTC

Real-time

Member  3

Obs

Member  2

Member  1

Supercell
probability
past  hour 00 

UTC

Deterministic  HRRR:

Ø High-resolution  forecast  provides  small-scale  details

Ø Hourly-updating  with  fresh  forecast  always  available

Time-Lagged  Ensemble  (HRRR-TLE):

Ø Leverage  runs  in  ensemble  of  opportunity

Ø Form  hazard  likelihood  probabilities

Ø Less  small-scale  detail

Ø Proxy  for  confidence/certainty

Ø Underdispersive

HRRR  Ensemble  (HRRRE):

Ø More  expensive  ensemble

Ø More  spread/dispersive/skill 497	  Feb	  2017	   Stan	  Benjamin	  -‐ Weather	  Models	  -‐ UVIG



Preliminary	  HRRR-‐TLE	  ramp	  product
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HRRR-‐TLE	  – will	  
apply	  also	  to	  
80m	  wind,	  
downward	  
solar80m	  wind	  ramp	  

events	  valid	  18z	  6	  
Feb	  2017
-‐ from	  3	  consecutive	  
HRRR	  runs	  (03,	  02,	  
01z)	  valid	  at	  same	  
time

7	  Feb	  2017	  



• Common model failure mode…
poor representation of stable-air 
“mix out”
– Better representation of free-

atmosphere & PBL turbulence 

Summary for MYNN PBL changes from WFIP2

• For MYNN applications in 3-km HRRR and 750-m nest, reformulating the 
mixing-length scale appears to improve wind-forecast accuracy.
(1) invoke component length scales where they are physically applicable
(2) modify the buoyancy length scale (generally more restrictive) 

• GOAL: At same time, maintain current skill cloud/80m wind, 
aviation, severe weather forecast skill in all parts of US.7	  Feb	  2017	   Stan	  Benjamin	  -‐ Weather	  Models	  -‐ UVIG 51



HRRR  (and  RAP)  Future  MilestonesHRRR  MilestonesRAP / HRRR:  Implementation Schedule
RAPv3 – Implemented at NCEP August 2016

– Improved	  PBL,	  LSM,	  cu-‐parm,	  DA
– Thompson/NCAR	  aerosol-‐aware	  microphysics

HRRRv2 – Implemented at NCEP August 2016
– Initialized	  by	  	  RAP	  (v3)
– Improved	  radar	  assimilation,	  hybrid	  assimilation,	  

PBL/cloud	  physics
RAPv4 – GSD	  testing	  2016	  /17

– 3D	  cloud	  fraction,	  better	  coupling	  to
radiation	  scheme,	  better	  ceiling

HRRRv3 – GSD	  testing	  2016	  /17
– Cycled storm-scale ensemble DA
– Cycling	  of	  aerosols	  with	  fire/emissions

HRRRE / HREFv3 – GSD	  testing	  in	  2017
– Storm-scale ensemble forecast component

Reduced	  warm	  /	  dry	  bias

Improved	  convection

NCEP	  Implement	  early	  2018

NCEP	  Implement	  early	  2018

NCEP	  implement	  in	  2019?
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Summary:
HRRRv3	  and	  
RAPv4

Running	  now	  at	  
ESRL.

Planned	  for	  
NCEP	  – Feb	  2018
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What	  is	  still	  needed	  for	  
improved	  wind/solar	  forecasts?
• Improved	  model	  representation	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  of	  

boundary-‐layer	  mixing	  and	  clouds.
• Improved	  data	  assimilation	  and	  improved	  3-‐d	  

observations	  over	  large	  multi-‐state	  areas.
• Probabilistic	  information	  for	  decision	  making	  

– from	  multiple	  ensemble	  members	  and	  
from	  spatial	  and	  temporal	  averaging.

7	  Feb	  2017	  
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Transition  to  the  Eddy  Diffusivity  part  of  “ED-MF”
• The	  addition	  of	  the	  dynamic	  multi-‐plume	  mass-‐flux	  scheme	  improves	  the	  representation	  
of	  non-‐local	  mixing	  in	  the	  convective	  boundary	  layer;	  however…

WFIP	  2 AMS	  2017

Boardman,	  OR

Cold	  pool	  top

Cold	  pool	  top

• The	  eddy	  diffusivity	  part	  
of	  ED-‐MF	  is	  responsible	  
for	  the	  stable	  boundary	  
layer.

• The	  mixing	  length	  are	  
important	  in	  regulating	  
the	  diffusivity.	  

• Need	  a	  robust	  mixing	  
length	  to	  regulate	  the	  
diffusion	  within	  and	  
outside	  the	  PBL.	  

7	  Feb	  2017	   Stan	  Benjamin	  -‐ Weather	  Models	  -‐ UVIG



HRRR-TLE: Leading to HRRRE (HREF)

58

Observations Deterministic	  HRRRSix	  Member	  Ensemble
12	  hr	  Forecasts	  Valid	  00	  UTC	  24	  Feb	  2016

7	  Feb	  2017	   Stan	  Benjamin	  -‐ Weather	  Models	  -‐ UVIG



HRRR  (and  RAP)  Future  MilestonesHRRR  MilestonesSummer 2014:  Excessive Surface Irradiance in RAP and HRRR

May 
2014

12-h GHI Forecast Bias at Bondville, Illinois (W m −2)

RAP HRRR

May 
2014

14 May 15 May

Observed

HRRR



RAP

Time of Day (UTC)

HRRR

Low-Level Warm−Dry Bias in 2014 HRRR/RAP 
GHI (W m−2), All Stations

2-m Temperature (K), CONUS

2-m Dewpoint (K), CONUS

12-h Forecast Biases, 
14−31 May 2014too bright…

too warm…

too dry…

Conceptual Bias Feedback

Energy	  balance	  at	  earth’s	  
surface.	  	  	  With	  incorrect	  
components,	  model	  will	  
seek	  its	  own	  equilibrium.



HRRR  (and  RAP)  Future  MilestonesHRRR  MilestonesRelated Effect:  Excessive Deep Convection in HRRR v1

4-h forecast of composite reflectivity 
(valid 0000 UTC 18 Jun 2014)

Source:  
UCAR

Observed

Warm-‐dry	  bias
Errors	  in	  thunderstorm	  forecasting
Errors	  in	  solar	  forecasting,	  high	  SW	  bias	  overall



Model Version Assimilation Radar	  DA Radiation
LW/SW Microphysics Convection

Deep/Shallow PBL LSM

RAP WRF-‐ARW	  
v3.6.1+

GSI	  Hybrid	  3D-‐
VAR/Ensemble 13-‐km	  DFI RRTMG/	  

RRTMG

Thompson-‐
Eidhammer

(aerosol-‐aware)

Grell-‐
Freitas-‐
Olson

MYNN RUC	  	  
9-‐lev

HRRR WRF-‐ARW
v3.6.1+

GSI	  Hybrid	  3D-‐
VAR/Ensemble

3-‐km	  
15-‐min	  LH

RRTMG/	  
RRTMG

Thompson-‐
Eidhammer

(aerosol-‐aware)
None	  /	  GFO MYNN RUC	  	  

9-‐lev

Model Horiz/Vert
Advection

Scalar
Advection

Upper-‐Level
Damping

6th Order	  
Diffusion

Radiation
Update Land	  Use MP	  Tend	  

Limit
Time-‐
Step

RAP 5th/5th Positive-‐
Definite

w-‐Rayleigh
0.2

Yes
0.12 20	  min MODIS

Fractional 0.01	  K/s 60	  s

HRRR 5th/5th Positive-‐
Definite

w-‐Rayleigh
0.2

Yes
0.25	  (flat	  terr) 15	  min MODIS

Fractional 0.07	  K/s 20	  s

Model Domain Grid	  
Points

Grid	  
Spacing

Vertical	  
Levels

Pressure	  
Top

Boundary	  
Conditions Initialized

RAP North	  America 758	  x	  567 13	  km 50 10	  hPa GFS Hourly	  (cycled)

HRRR CONUS 1799	  x	  
1059 3	  km 50 20	  hPa RAP Hourly	  -‐ RAP

(no	  cycling)

ESRL RAP and HRRR Configurations
- Key components for solar forecasting
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HRRR  (and  RAP)  Future  MilestonesHRRR  MilestonesRAP / HRRR Cloud Representation:  Recent Past

MODEL STATE VARIABLES

MICROPHYSICS RADIATION SUBGRID 
CLOUD 

SCHEMESresolved-scale
cloud water, 

cloud ice
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L 
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E

WRF-ARW

binary
cloud 

fraction

*RAP only

“Deep” Convection

deep convection*
resolved scale shallow 

convection
*

“Shallow” 
Convection



Model
Prognostic 
Variables

Cloud Fraction

z

x

Radiation (RRTMG)

Microphysics 
(Thompson−Eidhammer)

0 0 0 0

0 1 1 0

0 0 0 0

Grid-Scale Clouds 
Represented Within:

Cloud Fraction

z

x

0 0 0 0.3

0.5 1 1 0

0.25 0.5 0.5 0

Turbulence (MYNN)

Subgrid-Scale Clouds 
Represented Within:

Deep Convection (GF)

Shallow Convection 
(GFO)

Tendencies

Te
nd

en
ci

es

Tendencies

Tendencies

TendenciesCoupled To…

Coupled To…



6-h Forecast Bias:  14-Station Daily Mean GHI 
(SURFRAD/ISIS)

RAPv2 (current)
RAPv3 (next-gen)

Solar
• Improved  forecasts  of  GHI  by  better  

representation  shallow-cumulus  (figure  on  
right).	  

• Further	  improvements	  from	  better	  
representation	  of	  stratus	  is	  necessary	  to	  fix	  
remaining	  bias	  (figure	  on	  right).

• Aerosol-‐aware	  microphysics.
• Improved	  cloud/hydrometeor	  assimilation

Wind
• Promising	  test	  results	  for	  MYNN-‐MassFlux.	  
• More	  improvements	  from	  mixing	  length	  

revision.
• Future	  development	  work:	  momentum	  flux	  in	  

mass-‐flux	  scheme.

Summary	  – Part	  1

65

2015

Ongoing  Collaborations
• Solar  Forecast  Improvement  Project  

(SFIP;;  Dept.  of  Energy)   (project  on  
hiatus  with  NOAA/ESRL)

• Wind  Forecast  Improvement  Project  II  
(WFIP2;;  Dept.  of  Energy)  

http://rapidrefresh.noaa.gov/HRRRwfipsubh/Welcome.cgi
http://www.esrl.noaa.gov/psd/psd3/wfip2/

better

worse

HRRR  (and  RAP)  Future  MilestonesHRRR  MilestonesSummary – Part 1 
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HRRR  (and  RAP)  Future  MilestonesHRRR  MilestonesSummary – Part 2
§ Progress toward Improved Solar Forecasts in 

HRRRv2/RAPv3 (ESRL now, NCEP May 2016)
§ Energy-related improvements in HRRR/RAP also 

benefit severe-weather, aviation, hydrology 
forecasts

§ Direct SW, 15-min mean fields added to GHI in 
RAPv3/HRRRv2 output

§ Improved subgrid-scale cloud scheme in development
§ Provides representation of subgrid stratus, cirrus
§ In ESRL HRRRv3/RAPv4 starting March 2016
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Isaac  Newton’s  2nd law    – Force  =  mass  *  acceleration

1st Law  of  Thermodynamics
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Terrain-following  coordinate Hybrid  coordinate

HRRR  (and  RAP)  Future  MilestonesHRRR  MilestonesRAP  experiments  with/without  hybrid  coordinate
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Non-var incrementsVar increments

Var analysis Non-var analysis

CLEARING
Negative 
increment

Background

Observed cloud
Background cloud
à No increment

HRRR  (and  RAP)  Future  MilestonesHRRR  MilestonesRAP  /  HRRR  variational cloud  analysis

Terra	  
Ladwig
Talk	  -‐
Mon
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